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KamLAND - Kamioka Liquid Scintillator (Anti)neutrino Detector

l. Reactor v,:
study v, oscillation in solar Am?2 region

coincidence: Vo+ P — et +n
Prompt: et annihilation
Delayed: n capture (180 us)
rate: ~ 2/day

Il. ‘Be Solar v,:
study “Be solar v, oscillation

signal: Vet € = vV +€
rate: ~ 300/day
~ 120/day for R < 5m

1st Phase: Reactor neutrinos, E >~1 MeV

2nd Phase: Solar neutrinos, E <1 MeV
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KamLAND - Kamioka Liquid Scintillator (Anti)neutrino Detector

1 kton liquid scintillator
80% dodecane
20% pseudocumene /
1.5 g/L PPO . am—

Nylon Balloon
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Paraffin outside the balloon
radon barrier
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1879 PMT's
1325 17" (fast)
544 20" (efficient)
34% coverage
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Outer Detector: Water Cherenkov —— ,
225 20” veto PMT's et bk
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KamLAND

Steel Sphere

Balloon
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KamLAND Physics with Solar Neutrinos
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Solutions
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— currently favored solutions have
same behavior at high energies
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Day-Night Effect of ’‘Be Solar v, at KamLAND

Day-Night Asymmetry Contours

Monoenergetic “Be v well suited for the
measurement of D/N and annual variations.
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Gouvea et al. hep-ph/9910286

— may help distinguish LOW vs LMA

— can provide evidence for matter effect
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Solar Neutrinos at KamLAND

Direct Detection of ‘Be Neutrinos )
KamLAND proposal

Estimated background after statistical subtraction
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- Singles measurement,
I.e.no coincidence signal

- Low backgrounds required
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‘not our current estimate of low-energy backgrounds!
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KamLAND Data: Raw Spectrum

Singles threshold:
200 PMT's hit

Coincidence, prescale, i /
"history" threshold:
120 PMT's hit

-

10000 Muons:

all tubes hit

100 | AT
Calibration triggers Ty
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PMT Hits

KamLAND data taking started January 22, 2002
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KamLAND Data: Event
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KamLAND Data: Spallation Neutrons
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KamLAND Data

Radial Distribution of Events

With 1/R? weight

Most backgrounds peak

near the balloon, the edge of the

scintillator volume
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KamLAND Data

Energy Spectrum and Fiducial Volume

40K (1.46 MeV y) 208T| (2.62 MeV y)
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Backgrounds for Solar Neutrino Detection: Data

Low-Energy Spectrum E
106E
Rates 1°'i
10" |
Data ~750 Hz ;
1o3g
210Ph ~100 Hz ok
85Kr ~600 Hz -
other bkgds. ~50 Hz 10 ¢
T 150 200

250 .
number phototubes hit

- Dominant low-energy backgrounds:  #Kr
210Pp, 219Bj (from Rn decays)

— Working on purification and eliminating leaks
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Backgrounds for Solar Neutrino Detection

Radiopurity Design Goals and Measurements

Requirements (BO) | Measurement

Requirements (LS)
% (%2°Ra) | <1018 g/g <10 g/g <6.4 X 107¢ g/g
232Th (228Ra)| < 1016 g/g <104 g/g <2 X 107 g/g
40K <10 g/g <102 g/g <2.3 X 106 g/g
Rn <10 uBg/m3 < 100 uBg/m3 < 5-10 mBg/m3
Sources of Backgrounds Air 85Kr 1-2 Bg/m3
Rn < 5-10 mBg/m3

- Backgrounds acceptable for reactor experiment:
Accidental coincidence rate ~0.004 events/day (R < 5m)

* Need background reduction for solar experiment:

Rn-free N.,/Air supply
Reduce Rn emanation (inner pipe surfaces, leaks etc.)
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Summary

1st Phase: KamLAND reactor antineutrino experiment
- KamLAND continues to make rapid progress

- Background levels are acceptable for the reactor experiment

2nd Phase: KamLAND solar neutrino and geo-neutrino experiment

 Will require lower backgrounds, possibly purification and re-circulation
for both LS and BO, with particular attention to Kr removal

- R&D on purification systems:
- Kr/Ar/Rn free N./air supply
- 210Pb removal from LS
- Noble gas removal from LS (N, stripping) and water (degassing)
- Leak protection in mechanical systems

— Interesting physics in “Be solar neutrinos.
— Proposal for 2" KamLAND phase (“Be solar v) likely

(if Kr and Pb backgrounds can be reduced).
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